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(57) ABSTRACT 

A method for fabricating semiconductor packages is pro 
posed. A plurality of substrates each having a chip thereon 
are prepared. Each substrate has similar length and Width to 
the predetermined length and Width of the semiconductor 
package. A carrier having a plurality of openings is prepared. 
Each opening is larger in length and Width than the substrate. 
The substrates are positioned in the corresponding openings, 
and gaps betWeen the substrates and the carrier are sealed. 
Amolding process is performed to form an encapsulant over 
each opening to encapsulate the chip. An area on the carrier 
covered by the encapsulant is larger in length and Width than 
the opening. After performing a mold-releasing process, a 
plurality of the semiconductor packages are formed by a 
singulation process to cut along substantially edges of each 
substrate according to the predetermined siZe of the semi 
conductor package. AWaste of substrate material is avoided. 

26 Claims, 16 Drawing Sheets 
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METHOD FOR FABRICATING 
SEMICONDUCTOR PACKAGES 

FIELD OF THE INVENTION 

The present invention relates to methods for fabricating 
semiconductor packages, and more particularly, to a method 
using a substrate carrier to fabricate ball grid array (BGA) 
semiconductor packages. 

BACKGROUND OF THE INVENTION 

Flip-chip ball grid array (FCBGA) semiconductor pack 
age relates to a combination of ?ip chip and ball grid array, 
Which alloWs an active surface of at least one chip mounted 
therein to be electrically connected to a surface of a substrate 
via a plurality of solder bumps, and a plurality of solder balls 
to be implanted on another surface of the substrate, Wherein 
the solder balls serve as input/output (I/O) connections for 
the semiconductor package. This semiconductor package 
yields signi?cant advantages to effectively decrease the 
package siZe, reduce resistance and improve electrical per 
formances to prevent decay of signals during transmission 
Without using conventional bonding Wires. Therefore, the 
FCBGA semiconductor package is considered providing a 
major packaging technology for chips and electronic ele 
ments of the next generation. 
As shoWn in FIG. 10, a FCBGA semiconductor package 

comprises a substrate 70; a chip 71 mounted on and elec 
trically connected to an upper surface of the substrate 70 in 
a ?ip-chip manner; and a plurality of solder balls 72 
implanted on a loWer surface of the substrate 70, for 
electrical connection With an external device. The semicon 
ductor package further comprises an encapsulant 73 formed 
on the upper surface of the substrate 70 by a molding process 
for encapsulating the chip 71. Related prior arts include U.S. 
Pat. Nos. 6,038,136, 6,444,498, 6,699,731 and 6,830,957, 
Which have disclosed similar package structures to improve 
the electrical performances of packages and satisfy the 
requirements for advanced electronic products. 

U.S. Pat. No. 6,830,957 uses a method to increase the 
length and Width of the substrate 70 for fabricating the 
semiconductor package. As shoWn in FIG. 11, the substrate 
70 is received in a substrate carrier 75, and a clamping area 
a is provided as an extension from each side of the substrate 
70 to make the substrate 70 larger in siZe than a mold cavity 
81 of an encapsulating mold 80. Thereby, the substrate 70 
can be Well clamped by the mold 80, and the encapsulant 73 
Would not ?ash to the loWer surface of the substrate 70 to 
damage the bondability of ball pads 74 on the substrate 70 
Where the solder balls 72 are to be implanted. For a single 
package conventionally having the substrate 70 siZed 31 
mm><31 mm (as shoWn in FIG. 10), the clamping area a must 
be at least 0.6 mm in Width to provide a good ?ash 
preventing e?fect. Accordingly, a portion of at least 1.2 m 
that is to be eventually cut off is added respectively to the 
length and Width of the substrate 70, making the material 
required for the substrate 70 and overall fabrication costs of 
the package undesirably increased (the substrate cost is 
generally more than 60% of the overall costs of the ?ip-chip 
package). 

The cost associated With the substrate 70 is actually more 
than that described above as compared to the singulated 
package product shoWn in FIG. 10. This is because as shoWn 
in FIG. 12, a mold-releasing angle 82 must be formed at an 
edge of the encapsulant 73 in contact With the substrate 70 
according to the shape of the mold cavity 81 in order to 
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2 
successfully release the mold 80 after the molding process is 
complete. Generally, the mold-releasing angle 82 should not 
be larger than 600 to provide a satisfactory mold-releasing 
e?fect. Accordingly, for a single package With the substrate 
70 having the siZe of 31 mm><31 mm, an additional portion 
b of at least 0.58 mm corresponding to the mold-releasing 
angle 82 of the encapsulant 73 is required and formed as an 
extension from each side of the substrate 70. In other Words, 
a portion of 1.16 m that is to be eventually cut off is added 
respectively to the length and Width of the substrate 70. 
Further, a cutting path c of 0.3 mm at each side of the 
substrate 70 is reserved for a singulation process, Which 
leads to an addition of 0.6 mm respectively in the length and 
Width of the substrate 70. Therefore, to have a ?nal package 
With the substrate 70 of a siZe of 31 mm><31 mm, the 
substrate 70 during fabrication of the package must be siZed 
(31+1.2+1.16+0.6) mm><(31+1.2+1.16+0.6) mm in length 
and Width. The increase of substrate siZe not only causes a 
Waste of substrate utiliZation but also makes the overall costs 
increased by about 15 to 20%. 
The foregoing draWback leads to signi?cant di?iculty in 

fabrication of the BGA semiconductor package. The mold 
ing process for forming the encapsulant 73 is an essential 
step in the package fabrication, hoWever it makes the siZe 
and material cost of the substrate 70 increased, thereby not 
advantageous for mass production. 

Therefore, the problem to be solved here is to provide a 
method for fabricating semiconductor packages, Which can 
reduce the siZe and cost of a substrate, prevent resin ?ashes, 
and overcome mold-releasing di?iculty, to be in favor of 
mass production. 

SUMMARY OF THE INVENTION 

In light of the above draWbacks in the conventional 
technology, a primary objective of the present invention is to 
provide a method for fabricating semiconductor packages, 
Which can reduce the substrate cost. 

Another objective of the present invention is to provide a 
method for fabricating semiconductor packages, Which does 
not require an increase in length and Width of a substrate. 

A further objective of the present invention is to provide 
a method for fabricating semiconductor packages, Which can 
prevent ?ashes of an encapsulant Without increasing the siZe 
of a substrate. 

In accordance With the above and other objectives, the 
present invention proposes a method for fabricating semi 
conductor packages, comprising the steps of: preparing a 
plurality of substrates, Wherein each of the substrates has 
similar or substantially equal length and Width to predeter 
mined length and Width of the semiconductor package 
respectively, and mounting at least one chip on each of the 
substrates; preparing a carrier having a plurality of openings, 
Wherein each of the openings is larger in length and Width 
than each of the substrates; positioning the plurality of 
substrates respectively in the plurality of openings of the 
carrier, and sealing gaps betWeen the substrates and the 
carrier so as to prevent an encapsulant formed by a subse 
quent molding process from ?ashing to unintended areas of 
the substrates; performing the molding process to form the 
encapsulant over each of the openings to encapsulate the 
corresponding chip, Wherein an area on the carrier covered 
by the encapsulant is larger in length and Width than the 
corresponding opening; performing a mold-releasing pro 
cess; and performing a singulation process to cut along 
substantially edges of each of the substrates according to the 
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predetermined length and Width of the semiconductor pack 
age so as to form a plurality of the semiconductor packages. 

In the present invention, a ?lling material such as a solder 
mask can be used to ?ll and seal the gaps betWeen the 
substrates and the carrier to ?x the substrates in the open 
ings. Alternatively, at least one tape can be attached to the 
substrates and the carrier to cover the openings and the gaps 
betWeen the substrates and the carrier, so as to seal the gaps 
and ?x the substrates in the openings. 

The length and Width of the substrate are slightly larger by 
0.1 to 0.5 mm respectively than the predetermined length 
and Width of the semiconductor package, and the length and 
Width of the opening are slightly larger by 0.1 to 0.5 mm 
respectively than those of the substrate. Alternatively, the 
length and Width of the substrate can be slightly smaller by 
0.1 to 0.5 mm respectively than the predetermined length 
and Width of the semiconductor package, such that the 
length and Width of the opening are slightly larger by 0.1 to 
1.0 mm respectively than the predetermined length and 
Width of the semiconductor package. 

The carrier can be made of an organic insulating material 
such as FR4, FR5, BT (bismaleimide triaZine), and so on. 
Alternatively, a metal carrier can be used in the present 
invention to fabricate desirable semiconductor packages in a 
cost-effective manner. This fabrication method using the 
metal carrier comprises the steps of: preparing a plurality of 
substrates, Wherein each of the substrates has similar or 
substantially equal length and Width to predetermined length 
and Width of the semiconductor package respectively, and 
mounting at least one chip on each of the substrates; 
preparing the metal carrier having a plurality of openings, 
Wherein each of the openings is larger in length and Width 
than each of the substrates; positioning the plurality of 
substrates respectively in the plurality of openings of the 
metal carrier, and sealing gaps betWeen the substrates and 
the metal carrier to prevent the gaps from penetrating the 
metal carrier; performing a molding process to form an 
encapsulant over each of the openings to encapsulate the 
corresponding chip, Wherein the corresponding substrate, 
chip and encapsulant form a single package unit, and an area 
on the carrier covered by the encapsulant is larger in length 
and Width than the corresponding opening; performing a 
mold-releasing process; separating the package units from 
the metal carrier; and performing a singulation process to cut 
along substantially edges of each of the substrates of the 
package units according to the predetermined length and 
Width of the semiconductor package so as to form a plurality 
of the semiconductor packages. 

The metal carrier can be made of a copper (Cu) material, 
and a surface thereof is plated With a metal layer that is 
poorly adhesive to the encapsulant. The metal layer can be 
made of a metal material such as gold (Au), nickel (Ni), or 
chromium (Cr), etc. By virtue of the poor adhesion betWeen 
the plated metal layer and the encap sulant, the package units 
can be easily separated from the metal carrier and thus 
provide convenience in fabrication. 

Therefore, according to the foregoing arrangement in the 
present invention, the substrate can have similar or substan 
tially equal length and Width to the predetermined length and 
Width of the semiconductor package respectively, Without 
having to over siZe the substrate. Moreover, the gaps 
betWeen the substrates and the carrier are sealed, and the 
area on the carrier covered by the encapsulant is larger than 
the siZe of the opening of the carrier by using a mold cavity 
having coverage larger in length and Width than the opening, 
such that resin ?ashes during the molding process and 
dif?culty in mold releasing can be prevented. As a result, 
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4 
unnecessary increase in siZe and material of the substrate is 
avoided, thereby overcoming the draWbacks in the conven 
tional technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the folloWing detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

FIGS. 1A to 1H are schematic diagrams shoWing steps of 
a method for fabricating semiconductor packages according 
to a ?rst preferred embodiment of the present invention; 

FIG. 2 is a cross-sectional diagram shoWing another Way 
of sealing a gap betWeen a substrate and a carrier according 
to the present invention; 

FIG. 3 is a cross-sectional diagram shoWing a further Way 
of sealing the gap betWeen the substrate and the carrier 
according to the present invention; 

FIGS. 4A to 4H are schematic diagrams shoWing steps of 
a method for fabricating semiconductor packages according 
to a second preferred embodiment of the present invention; 

FIGS. 5A to 51 are schematic diagrams shoWing steps of 
a method for fabricating semiconductor packages according 
to a third preferred embodiment of the present invention; 

FIG. 6 is a cross-sectional diagram of a semiconductor 
package fabricated by a method according to a fourth 
preferred embodiment of the present invention; 

FIG. 7 is a cross-sectional diagram of a semiconductor 
package fabricated by a method according to a ?fth pre 
ferred embodiment of the present invention; 

FIG. 8 is a cross-sectional diagram of a semiconductor 
package fabricated by a method according to a sixth pre 
ferred embodiment of the present invention; 

FIG. 9 is a cross-sectional diagram of a semiconductor 
package fabricated by a method according to a seventh 
preferred embodiment of the present invention; 

FIG. 10 (PRIOR ART) is a cross-sectional diagram of a 
conventional FCBGA semiconductor package; and 

FIGS. 11 and 12 (PRIOR ART) are schematic diagrams 
shoWing an increased siZe of a substrate used in a molding 
process for the conventional FCBGA semiconductor pack 
age. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Preferred Embodiment 

FIGS. 1A to 1H shoW steps of a method for fabricating 
semiconductor packages according to a ?rst preferred 
embodiment of the present invention. Referring to FIG. 1A, 
?rstly, a plurality of build-up substrates 10 (only one is 
shoWn) each carrying at least one chip 20 thereon are 
prepared. Each of the substrates 10 has slightly larger length 
and Width than the predetermined length and Width of a ?nal 
semiconductor package 1 (shoWn in FIG. 1H) respectively. 
In this embodiment, the predetermined dimensions of the 
semiconductor package 1 after singulation are 31 mm><31 
mm in length and Width, such that the length and Width of 
the substrate 10 are siZed 31.4 mm><31.4 mm. Then, refer 
ring to FIG. 1B, a substrate carrier 15 having a plurality of 
openings 16 (only one is shoWn) is prepared, Wherein each 
of the openings 16 is larger in length and Width than each of 
the substrates 10, such that the substrates 10 carrying the 
chips 20 thereon can be embedded and positioned in the 
corresponding openings 16. In this embodiment, the length 



US 7,348,211 B2 
5 

and Width of the opening 16 are sized 31.5 mm><31.5 mm. 
Subsequently, referring to FIG. 1C, the plurality of sub 
strates 10 are positioned in the plurality of openings 16 (only 
one is shoWn) of the carrier 15 respectively, and gaps 17 
betWeen the substrates 10 and the carrier 15 are sealed to 
prevent the gaps 17 from penetrating the carrier 15. In this 
embodiment, a tape 25 is attached to loWer surfaces of the 
substrates 10 and the carrier 15 to seal all the gaps 17 and 
?x the substrates 10 in the openings 16. The tape 25 can be 
made of a thermally resistant polymer material. 

Referring to FIG. ID, a conventional molding process is 
performed in Which the carrier 15 is placed into a mold 30 
and each of the chips 20 is received in a corresponding mold 
cavity 31 such that an encapsulant 32 (made of a resin 
material) is formed over each of the openings 16 and 
encapsulates the corresponding chip 20. In the present 
invention, the dimensions (31.4 mm><31.4 mm) of the sub 
strate 10 are slightly larger than the predetermined dimen 
sions (31 mm><31 mm) of the semiconductor package 1, and 
the dimensions (31.5 mm><31.5 mm) of the opening 16 are 
slightly larger than those (31.4 mm><31.4 mm) of the sub 
strate 10. Further, an area on the carrier 15 covered by the 
encapsulant 32 is much larger in length and Width than the 
opening 16 as shoWn in FIG. 1D. The encapsulant 32 
injected into the mold cavity 31 ?oWs into the gap 17 
betWeen the substrate 10 and the carrier 15, but Would not 
?ash to the loWer surface of the substrate 10 due to provision 
of the tape 25 sealing the gap 17. Therefore, it is not 
necessary to increase the siZe of the substrate 10 in the 
present invention to prevent resin ?ashes and facilitate 
releasing of the mold 30 (since a mold-releasing angle of the 
encapsulant 32 corresponds to an area of the carrier 15, not 
an area of the substrate 10), such that the required siZe of the 
substrate 10 can be effectively reduced and fabrication costs 
of the semiconductor package 1 are greatly diminished. 

Referring to FIG. 1E, a mold-releasing process is per 
formed to remove the mold 30, and the tape 25 is removed. 
Subsequently, referring to FIG. 1F, a plurality of solder balls 
18 are implanted at ball pads 19 on the loWer surface of each 
of the substrates 10, such that the chip 20 can be electrically 
connected to an external device via the solder balls 18. 
Referring to FIG. 1G, a singulation process is performed to 
cut along cutting lines of each of the substrates 10 according 
to the predetermined dimensions of the semiconductor pack 
age 1. In this embodiment, With the predetermined dimen 
sions of the semiconductor package 1 as 31 mm><31 mm and 
the dimensions of the substrate 10 as 31.4 mm><31.4 mm, by 
the singulation process, a portion of 0.2 mm at each side of 
the substrate 10 is included in a cutting path (0.3 mm Wide) 
and cut off together With the cutting path as shoWn in FIG. 
1G, unlike the conventional technology shoWn in FIG. 12 
that after a cutting path (0.3 mm) has been cut off, a material 
portion of 1.18 mm (0.6 mm+0.58 mm) at each side of the 
substrate 70 is discarded together With the carrier 75. There 
fore, the present invention can effectively reduce and save a 
used amount of the substrate material. Finally, referring to 
FIG. 1H, a plurality of the cost-effective semiconductor 
packages 1 are thus fabricated. 

According to the foregoing embodiment in the present 
invention, the gaps 17 betWeen the substrates 10 and the 
carrier 15 are sealed to prevent ?ashes of the encapsulants 
32, and the coverage of the mold cavity 31 used for forming 
the encapsulant 32 is larger in length and Width than the 
opening 16 of the carrier 15 to facilitate releasing of the 
mold 30. These features can solve problems of resin ?ashes 
and molding releasing in the conventional technology, With 
out having to increase the siZe of the substrate 10. Therefore, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
the substrate 10 in the present invention can be effectively 
reduced in siZe as compared to the conventional technology, 
Wherein the substrate 10 has similar or substantially equal 
length and Width to the predetermined length and Width of 
the semiconductor package 1, such that an undesirable 
material discard or Waste of the substrate 10 by singulation 
is avoided. 

For the semiconductor package 1 of 31 mm><31 mm in 
length and Width, the length and Width of the substrate 10 
can be as foregoing described, but not limited to, 31.4 
mm><31.4 mm. Alternatively, the side length of the substrate 
10 can be siZed larger by 0.1 to 0.5 mm than the predeter 
mined side length of the semiconductor package 1. The 
length and Width of the opening 16 of the carrier 15 can be 
as foregoing described, but not limited to, 31.5 mm><31.5 
mm. Alternatively, the side length of the opening 16 can be 
siZed larger by 0.1 to 0.5 mm than that of the substrate 10. 
Moreover, the carrier 15 can be made of an organic insu 
lating material such as PR4, PR5, BT (bismaleimide triaZ 
ine), and so on. 

There are various methods for ?xing the substrates 10 in 
the openings 16 of the carrier 15 and sealing the gaps 17 
betWeen the substrates 10 and the carrier 15. Besides in the 
foregoing embodiment attaching the tape 25 to the loWer 
surfaces of the substrates 10 and the carrier 15, another 
method shoWn in FIG. 2 is also applicable by using a 
plurality of small tapes 40 to directly cover and seal the gaps 
17 betWeen the substrates 10 and the carrier 15 respectively, 
Which can reduce a used amount of the tape material. A 
further method shoWn in FIG. 3 uses a ?lling material 41 
such as a solder mask to ?ll the gaps 17 betWeen the 
substrates 10 and the carrier 15 by a dispensing technique so 
as to ?x the substrates 10 in the openings 16 and seal the 
gaps 17 to prevent resin ?ashes. Alternatively, the ?lling 
material 41 can be a polymer material such as epoxy resin. 

Second Preferred Embodiment 

Apart from the above ?rst embodiment in Which the 
substrate 10 has slightly larger length and Width than the 
predetermined length and Width of the semiconductor pack 
age 1, the substrate 10 can be siZed slightly smaller in length 
and Width than the semiconductor package 1 to further 
reduce the material used for the substrate 10 according to a 
second preferred embodiment shoWn in FIGS. 4A to 4H 
Wherein similarly, the predetermined siZe of the semicon 
ductor package 1 after singulation is 31 mm><31 mm in 
length and Width. 

Referring to FIG. 4A, ?rstly, a plurality of build-up 
substrates 10 (only one is shoWn) each carrying at least one 
chip 20 thereon are prepared. Each of the substrates 10 has 
its length and Width siZed 30.8 mm><30.8 mm and slightly 
smaller than the predetermined length and Width of the 
semiconductor package 1 (31 mm><31 mm as shoWn in FIG. 
4H). Referring to FIG. 4B, a carrier 15 having a plurality of 
openings 16 (only one is shoWn) is prepared. Each of the 
openings 16 has larger length and Width than those of the 
semiconductor package 1, such that the substrates 10 car 
rying the chips 20 thereon can be embedded and positioned 
in the corresponding openings 16. In this embodiment, the 
length and Width of the opening 16 are siZed 31.5 mm><31.5 
mm. Referring to FIG. 4C, the plurality of substrates 10 are 
positioned in the plurality of corresponding openings 16 
(only one is shoWn) of the carrier 15 respectively, and gaps 
17 betWeen the substrates 10 and the carrier 15 are sealed to 
prevent the gaps 17 from penetrating the carrier 15. In this 








